
4 CALIFORNIA INSTITUTE OF TECHNOLOGY 

t SEISMOLOGICAL LABORATORY 

FINAL REPORT 
GRANT NSG-535 

DEC. 31,1964 
\ 

N 

ITHRUI (ACCESSION NUM-BERI 0 - z e 

:: ' [PAGES) 

e 
(CODE1 , e - 

ICATEOORYI 

i 

[ N A S A  CR OR TMX OR AD NUMBER) 

. 

- *  



4" 

) * I - -  * \ 

S e i s m o l o g i c a l  L a b o r a t o r y  
C a l i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y  \ 

December 31, 1964 I 

F i n a l  R e p o r t  - G r a n t  NsG-535 

T h i s  p r o j e c t  became a c t i v e  on  O c t o b e r  1, 1963 and  t e r m i -  
n a t e d  on December 31, 1964. 

' T h i s  r e p o r t  i s  a summary o f  e x p e r i m e n t a t i o n  c o n d u c t e d  i n  
s t u d y i n g  t h e  d e p l o y m e n t  o f  i n s t r u m e n t a t i o n  i n t o  la r 'ge  a r r a y s  
by  a m e t h o d  a p p l i c a b l e  t o  use on t h e  l u n a r  s u r f a c e .  P a r t i c u l a r  
e m p h a s i s  was p l a c e d  on i t s  use f o r  e x t e n s i o n  o f  an a r r a y  o f  
geophones o r  e x p l o s i v e  c h a r g e s  t o  p e r f o r m  a s e i s m i c  r e f r a c t i o n  
s t u d y  of  l u n a r  l a y e r i n g  t o  d e p t h s  o f  a p p r o x i m a t e l y  500 f e e t ,  
I n  o r d e r  t o  make such a d e t e r m i n a t i o n ,  a s i g n a l  i n t r o d u c e d  i n t o  
t h e  ground,  u s u a l l y  by an e x p l o s i o n ,  and t r a n s m i t t e d  t h r o u g h  
s u r f a c e  l a y e r s  and l a y e r s  a t  d e p t h ,  i s  o b s e r v e d  by an a r r a y  
o f  geophones.  A r r i v a l s  b y  v a r i o u s  p a t h s  a r e , r e c e i v e d  by  t h e  
a r r a y  w h i c h  i s  a t  a d i s t a n c e  s e v e r a l  t i m e s  t h e  d e p t h  o f  
p e n e t r a t i o n  t o  be s t u d i e d .  A l t e r n a t e l y ,  s e v e r a l  e x p l o s i o n s  i n  
a r r a y ,  f i r e d  s i n g l y ,  and d e t e c t e d  by a s i n g l e  geophone, o r  a 
c o m b i n a t i o n ,  may be used.  I n  o r d e r  t o  d e t e r m i n e  d e p t h s  o f  
l a y e r s  and wave p r o p a g a t i o n  v e l o c i t i e s  w i t h i n  them i t  i s  n e c e s -  
s a r y  t o  know a c c u r a t e l y  t h e  d i s t a n c e  b e t w e e n  s o u r c e  a n d  d e t e c t o r ,  
and  t h e  t i m e  l a p s e  b e t w e e n  i n t r o d u c t i o n  o f  t h e  s i g n a l  i n t o  t h e  
s u r f a c e  and  i t s  r e c e p t i o n  b y  t h e  geophone.  The d e v e l o p m e n t  
p r o g r a m  was d i r e c t e d  t o w a r d  t e s t i n g  t h e  f e a s i b i l i t y  o f  m e t h o d s  
o f  d e t e r m i n i n g  t h e s e  v a l u e s ,  as w e l l  a s  m e t h o d s  o f  d e p l o y m e n t  
o f  geophones o r  e x p l o s i v e s .  T h e  t e c h n i q u e  o f  d e t e r m i n i n g  
l a y e r  d e p t h s ,  v e l o c i t i e s  i n  them, e t c .  f r o m  t h e  r e c o r d e d  d a t a ,  
i s  w e l l  c o v e r e d  i n  d e t a i l  i n  many t e x t s .  V e l o c i t y  i n * a  s i n g l e  
l a y e r e d  r o c k  m e d i a  d e t e r m i n e d  by  u s e  o f  a s i n g l e  geophone and  
s e v e r a l  e x p l o s i o n s  a t  v a r i o u s  r a n g e s  i s  shown i n  F i g .  1 .  

d e s c r i b e d  h e r e i n  w o u l d  be on S u r v e y o r  o r  S u r v e y o r - t y p e  f o l l o w - o n  
m i s s i o n s  i n  w h i c h  s p a c e  and  w e i g h t  l i m i t a t i o n s  w o u l d  be  s e v e r e ,  
a n d  i n  w h i c h  emplacement  wou ld  be m e c h a n i z e d .  W i t h  t h i s  i n  
m i n d ,  an e f f o r t  was made t o  s e l e c t  t h e  l i g h t e s t ,  most  compact  
a n d  l e a s t  c o m p l i c a t e d  t e c h n i q u e .  M a n u a l  d i s t r i b u t i o n  and  
d i s t r i b u t i o n  by  r o v i n g  v e h i c l e s  h a v i n g  p r e v i o u s l y  been r u l e d  
o u t ,  t h e  c h o i c e  r e m a i n e d  between e x t e n d i n g  d e v i c e s ,  r o c k e t s ,  o r  
t h r o w i n g  d e v i c e s .  

O r i g i n a l l y  i t  was e x p e c t e d  t h a t  t h e  u s e f u l n e s s  o f  d e v i c e s  
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An e x p e r i m e n t a l  p n e u m a t i c - e x t e n d o r  was c o n s t r u c t e d  f o r  
e v a l u a t i o n .  T h i s  c o n s i s t e d  o f  a p l a s t i c  f i l m  ' a i r - m a t t r e s s '  
d e v i c e  i n  w h i c h  t w o  s h e e t s  o f  p l a s t i c  f i l m  w e r e  j o i n e d  
l o n g i t u d i n a l l y  t o  f o r m  a number o f  p a r a l l e l  t u b e s ,  t h i s  was 
t h e n  t i g h t l y  r o l l e d .  When i n f l a t e d  f r o m  t h e  f r e e  end  t h e  
r o l l e d  p o r t i o n  was f o r c e d  f o r w a r d .  Such a d e v i c e  c o u l d  c a r r y  
t h e  n e c e s s a r y  c i r c u i t r y  and l i g h t  w e i g h t  i n s t r u m e n t a t i o n  
f o r  a v a r i e t y  o f  e x p e r i m e n t s .  T h e  o r i g i n a l  u n i t  was 200 f e e t  
l o n g  and was s u c c e s s f u l l y  e x t e n d e d  t h o u g h  i t  was n o t  w i t h o u t  
p r o b l e m s .  

A s e c o n d  u n i t  2000 f e e t  l o n g  was t r i e d .  T h i s  c o n s i s t e d  
o f  a s i m p l e  p l a s t i c  f i l m  t u b e  o f  8" d i a m e t e r  and ,005'' w a l l  
t h i c k n e s s .  I n  t h i s  c a s e  t h e  d e f l a t e d  and r o l l e d  t u b e  was a x l e d  
and a r r a n g e d  t o  t o w  a r u d d e r i n g  s l e d  f o r  d i r e c t i o n a l  s t a b i l i t y .  
I t  was e x t e n d e d  t o  1500 f e e t  o n  a r e l a t i v e l y  smoo th  d r y - l a k e  bed.  

I n  b o t h  u n i t s  d i f f i c u l t y  was e n c o u n t e r e d  w i t h  a t e n d e n c y  
t o  i n f l a t e  a r o u n d  t h e  r o l l  i f  t h e  f o r w a r d  p r o g r e s s  was o b s t r u c t e d .  
I n  t h e  l a t e r  u n i t  t h e r e  was a t e n d e n c y  t o  c h a n g e  d i r e c t i o n  w i t h  
m i n o r  s u r f a c e  i r r e g u l a r i t i e s .  I t  i s  f e l t  t h a t  t h i s  t y p e  o f  
e x t e n d o r  w i t h  f u r t h e r  d e v e l o p m e n t  has  u s e f u l n e s s  f o r  s h o r t  
d i s t a n c e s  and c o u l d  b e  m a t e r i a l l y  i m p r o v e d  o v e r  t h e  e a r l y  t e s t  
d e v  i c e s .  

A b r i e f  s t u d y  was made o f  t h e  t e c h n i q u e  o f  r o c k e t - t o w i n g  
a c a b l e  s t r u n g  w i t h  geophones o r  e x p l o s i v e s .  S e v e r a l  c o n f e r e n c e s  
w e r e  h e l d  w i t h  J e t  P r o p u l s i o n  L a b o r a t o r y  e x p e r t s  i n  t h e  r o c k e t  
f i e l d  who f e l t  t h a t  t h e  t e c h n i q u e  was v a l i d .  However, i n  t h e  
f i n a l  a n a l y s i s  t h e  w e i g h t  and v o l u m e  c o n s i d e r a t i o n s  seemed t o  
be  w e l l  i n  f a v o r  o f  m o r t a r  and p r o j e c t i l e  d i s t r i b u t i o n  o f  
p a c k a g e s  i f  t h e  p r o b l e m  o f  r a n g i n g  and t i m e - b r e a k  o r  d a t a  
t r a n s m i s s i o n  c o u l d  be s o l v e d .  . 

F o r  r e a s o n s  o f  e n e r g y  c o u p l i n g  and s a f e t y ,  i t  i s  c o n v e n t i o n a l  
p r a c t i c e  t o  b u r y  t h e  c h a r g e s  u s e d  i n  e x p l o s i o n  s e i s m o l o g y  w o r k .  
However, o n  a m i s s i o n  s u c h  as S u r v e y o r  t h i s  w o u l d  b e  a n  e x t r e m e l y  
d i f f i c u l t  m a t t e r .  T h e r e f o r e ,  b e f o r e  l a u n c h i n g  o n  d e s i g n  o f  
p r o j e c t i l e s  and t h e  s y s t e m  i t  was n e c e s s a r y  t o  d e t e r m i n e  t h e  
e f f e c t i v e n e s s  o f  s m a l l  s u r f a c e  e x p l o s i o n s  i n  g e n e r a t i n g  s e i s m i c  
s i g n a l s  i n  v a r i o u s  m a t e r i a l s .  I t  was a l s o  n e c e s s a r y  t o  know 
w h e t h e r  o r  n o t  t h e  p r e s e n c e  o r  a b s e n c e  o f  a n  a t m o s p h e r e  
influenced t h e  e n e r g y  i n t r o d u c e d  i n t o  t h e  g r o u n d .  

T h e  l a t t e r  e f f e c t  was s t u d i e d  b y  D r .  E. E .  M i n o r ,  C h i e f  o f  
t h e  T e r m i n a l  B a l l i s t i c s  L a b o r a t o r y  o f  t h e  Aberdeen  P r o v i n g  g r o u n d .  
I t  i s  shown b y  h i s  work  t h a t  t h e  e f f e c t  o f  a t m o s p h e r i c  b a c k i n g  
i s  n e g l i g i b l e  i f  t h e  e x p l o s i o n  i s  c l o s e  t o  t h e  s u r f a c e .  
( S e e  F i g .  2 ) .  
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T o  d e t e r m i n e  g r o u n d  a m p l i t u d e s ,  f r e q u e n c i e s ,  and  a m p l i t u d e  
f a l l - o f f  w i t h  d i s t a n c e ,  a s e r i e s  o f  t e s t s  w e r e  made i n  t h e  
v i c i n i t y  o f  N . A . S . A . I s  G o l d s t o n e  Deep Space I n s t r u m e n t a t i o n  
F a c i l i t y .  I n  t h e s e ,  many d e t o n a t i o n s  o f  s e v e r a l  e x p l o s i v e  
m a t e r i a l s  o f  s e l e c t e d  s i z e s  and shapes  w e r e  f i r e d  on  a v a r i e t y  
o f  r o c k  and  s o i l  bases .  T h e  s i g n a l s  w e r e  d e t e c t e d  a n d  r e c o r d e d  
a t  d i s t a n c e s  r a n g i n g  f r o m  a few h u n d r e d  f e e t  t o  t e n  t h o u s a n d  
f e e t  b y  a s e t  o f  e x p l o s i o n  s e i s m o l o g y  f i e l d  e q u i p m e n t  b e l o n g i n g  
t o  t h e  S e i s m o l o g i c a l  L a b o r a t o r y  a n d  a n o t h e r  p r o v i d e d  b y  t h e  
J e t  P r o p u l s i o n  L a b o r a t o r y .  The  i n s t r u m e n t s  h a d  p r e v i o u s l y  been 
c a l i b r a t e d  f o r  m a g n i f i c a t i o n  - v s -  f r e q u e n c y  b y  p l a c i n g  geo- 
p h o n e s  on  a s h a k e - t a b l e  o s c i l l a t i n g  s i n u s o i d a l l y  a t  known 
f r e q u e n c y  and a m p l i t u d e .  Compar i son  o f  t r a c e  a m p l i t u d e  w i t h  
t a b l e  a m p l i t u d e  gave  a m a g n i f i c a t i o n  v a l u e  f o r  each  t e s t  
f r e q u e n c y .  A m a g n i f i c a t i o n  c u r v e ,  p h o t o g r a p h s  o f  some o f  t h e  
e q u i p m e n t  used,  a n d  an e x p l o s i v e  c h a r g e  i n  p l a c e  a r e  shown i n  
F i g u r e  3 a, b y  c .  

T h r e e  t y p e s  o f  e x p l o s i v e s  w e r e  used .  T h e s e  w e r e  PETN 
s h e e t  a p p r o x i m a t e l y  3 /32"  t h i c k ,  1 l b .  c a n s  o f  p r i m e r  composed 
o f  a TNT-ammonium n i t r a t e  m i x t u r e ,  and  ' b r o o m s t i c k '  c h a r g e s  
made o f  p r i m e r  c o r d  wrapped  i n  a g r o o v e  a b o u t  a wooden d o w e l .  
T h e  l a r g e s t  s h e e t  c h a r g e  c o v e r e d  a 4 '  x 8 '  a r e a ;  n o  s i g n i f i -  

o f  PETN o r  c o n c e n t r a t e d  c h a r g e s  o f  t h e  same w e i g h t .  D i m e n s i o n s  
w e r e  k e p t  t o  v a l u e s  w h i c h  m i g h t  c o n c e i v a b l y  be  u s e d  o n  a moon 

s i d e r i n g  t h e  r a n g e s  s t u d i e d .  T h e  b r o o m s t i c k  c h a r g e s  w e r e  
o r i e n t e d  b o t h  n o r m a l  a n d  r a d i a l  t o  t h e  s h o t - g e o p h o n e  a x i s ,  and  
d e t o n a t e d  f r o m  e n d s  and c e n t e r .  D e t o n a t i o n  v e l o c i t y  a l o n g  t h e  
' s t i c k '  was more  o r  l e s s  m a t c h e d  t o  t h e  m a t e r i a l  on w h i c h  t h e  
t e s t  was made. T h e s e  c h a r g e s  g a v e  t h e  p o o r e s t  r e s u l t s  o f  t h e  
t h r e e  m a t e r i a l s  t e s t e d .  F o r  w e i g h t  r e a s o n s  and  p r o b l e m s  o f  
o r i e n t a t i o n  on t h e  moon, backed  c h a r g e s  and  o r i e n t a t e d  shaped-  
c h a r g e s  w e r e  n o t  t r i e d .  

- . c a n t  d i f f e r e n c e  i n  a m p l i t u d e  was r e a d  f o r  l a r g e  a r e a  c h a r g e s  

I e x p e r i m e n t ;  t h e s e  w e r e  s t i l l  e s s e n t i a l l y  p o i n t  s o u r c e s  con -  

A m p l i t u d e  fall-off-vs-charge-size, a m p l i t u d e  f a l l  o f f  w i t h  
d i s t a n c e ,  a n d  r e p r e s e n t a t i v e  a m p l i t u d e s  f o r  e q u a l  c h a r g e  a t  
c o n s t a n t  d i s t a n c e  on  d i f f e r e n t  base  m a t e r i a l s  a r e  shown i n  
F i g .  4 a, b, c .  

W i t h  t h e  p r e s e n t  s t a t e  o f  t h e  a r t ,  s o l i d  s t a t e  g e o p h y s i c a l  
amplifiers h a v i n g  i n p u t  ncise  f i ~ u r e c  o f  we! !  hp lnw ! / J V  peak -  
t o - p e a k  o v e r  a band  w i d t h  o f  2 - 100 c p s  a r e ' r e a d i l y  a v a i l a b l e .  
A t y p i c a l  c o m m e r c i a l l y  a v a i l a b l e  4.5 c p s  geophone w e i g h i n g  3 l b . ,  
w i t h  a 1000 ohm c o i  1 w i  1 1  d e v e l o p  a p p r o x i m a t e l y  0 . 2  v/cm/sec 
v e l o c i t y  o f  t h e  mass r e l a t i v e  t o  t h e  f r a m e ,  a c r o s s  a 1000 ohm 
l o a d .  
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I t  i s  n e c e s s a r y  t o  u s e  s u f f i c i e n t  e x p l o s i v e  t o  c a u s e  t h e  
g e n e r a t e d  geophone s i g n a l  t o  b e  l a r g e  compared  t o  a m p l i f i e r  
n o i s e ,  p e r h a p s  b y  a f a c t o r  o f  10. F i g .  5 a  shows t h e  g r o u n d  
amp1 i t u d e - v s - f r e q u e n c y  r e q u i r e d  t o  g i v e  a p p r o x i m a t e l y  10 IJ.V 

o u t p u t  f r o m  a t y p i c a l  geophone.  The  r a n g e  o f  p r e d o m i n a t e  
f i r s t - a r r i v a l  f r e q u e n c i e s  i s  i n d i c a t e d ,  l a t e r  phases  c o n t a i n  
l o w e r  f r e q u e n c i e s  and l a r g e r  a m p l i t u d e s .  A m p l i t u d e  d i s t r i b u t i o n  
v s - f r e q u e n c y  i s  shown i n  F i g .  5 b .  

F r o m  t h e  c u r v e  o f  F i g .  4a, a t y p i c a l  g r o u n d  a m p l i t u d e  a t  
2000 f e e t  d i s t a n c e  f r o m  a 16 l b  e x p l o s i o n  i s  r e a d  t o  b e  
3.5 x mm. I f  i t  i s  assumed t h a t  no g r e a t e r  d i s t a n c e  w i l l  
be u s e d  i n  t h e  l u n a r  e x p e r i m e n t  and s i n c e  c u r v e  F i g .  4 c  shows 
t h e  a m p l i t u d e - v s - c h a r g e  r e l a t i o n s h i p  t o  be  l i n e a r ,  t h e  c h a r g e  
r e q u i r e d  * a t  2000 f e e t  f o r  10pv o u t p u t  a t  1 1  c p s  w i l l  be 

x 16 o r  a b o u t  l / 3  l b .  
7 x 10-6 

3.5 10-4 

F rom t h i s  i t  i s  s e e n  t h a t  geophones and a m p l i f i e r s  o f  
o r d i n a r y  c a p a b i l i t y  b u t  a d a p t e d  t o  t h e  s p a c e  e n v i r o n m e n t  w i l l  
be  s a t  i s f a c t o r y .  

F o r  w e i g h t  r e a s o n s ,  as  m e n t i o n e d  e a r l i e r ,  t h e  m o r t a r -  
p r o j e c t i l e  m e t h o d  o f  d e p l o y m e n t  was c h o s e n  f o r  t e s t .  I n  e a r l y  
e x p e r i m e n t s  i t  was f o u n d  t h a t  a 1 l b ,  2" x 3 "  dummy p r o j e c t i l e  
c o u l d  b e  t h r o w n  a p p r o x i m a t e l y  1000 f e e t  b y  a m o r t a r  h a > i n g  a 
b a r r e l  a b o u t  6" l o n g ,  e l e v a t e d  45O, and w i t h  a p r o p e l l i n g  s q u i b  
c o n t a i n i n g  1 g ram o f  e x p l o s i v e .  T h i s  r a n g e  i s  e q u i v a l e n t  t o  
a b o u t  6000 f e e t  o n  t h e  moon and r e p r e s e n t s  a m u z z l e  v e l o c i t y  
o f  a b o u t  180 f p s  and  a l a u n c h  a c c e l e r a t i o n  o f  a p p r o x i m a t e l y  
1000 G.  

F rom o u r  e x p e r i e n c e s  i n  d e s i g n  and  t e s t i n g  o f  e l e c t r o n i c  
and m e c h a n i c a l  componen ts  f o r  t h e  Ranger  3, 4 and 5 i n s t r u m e n t  
c a p s u l e s ,  w h i c h  w e r e  t e s t e d  t o  5 0 0 0  G s u r v i v a l ,  i t  a p p e a r e d  
t n e r e  w o u l d  b e  no d i f f i c u l t y  i n  a c h i e v i n g  s u r v i v a l  o f  t e l e m e t r y  
o r  t i m e  b r e a k  d e v i c e s ,  exp los i ves ,  f u s e s ,  and m e c h a n i c a l  p a r t s  
w h i c h  m i g h t  be  i n c l u d e d  i n  a p r o j e c t i l e .  T h e r e  was no r e a s o n  
t o  b e l i e v e  t h a t  geophones u s i n g  p a c k a g i n g  p r i n c i p l e s  d e v e l o p e d  
f o r  t h e  Ranger  s e i s m o m e t e r  c o u l d  n o t  a l s o  s u r v i v e  s u c h  t r e a t m e n t .  
( S e e  Wayne M i l l e r ,  " E l e c t r o n i c  p a c k a g i n g  f o r  50009  s u r v i v a l " ,  
C I T  R e p o r t  No. 1041, A u g u s t  i96i.i 

Use o f  e l e v a t i o n  a n g l e  and m u z z l e  v e l o c i t y  f o r  r a n g e  
d e t e r m i n a t i o n  seemed u n r e l i a b l e  b e c a u s e  o f  unknown b a s e  s t a b i l i t y ,  
a n d  w o u l d  r e q u i r e  a d d i t i o n a l  s e n s o r s  and  t e l e m e t r y .  T h i s  m e t h o d  
w o u l d  demand i m p a c t  d e t o n a t i o n  t o  a v o i d  r a n g e  e r r o r  f r o m  
t u m b l i n g  a f t e r  i m p a c t .  
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O t h e r  me thods  s u c h  as o p t i c a l  r a n g i n g ,  r a d a r ,  e t c . ,  a p p e a r e d  
t o o  c o m p l i c a t e d  f o r  t h e  e x p e r i m e n t  s p e c i f i c a t i o n s  and were  
c o n s i d e r e d  o n l y  b r i e f l y .  

What was s e e m i n g l y  t h e  most  d i r e c t  and s i m p l e s t  r a n g i n g  
method,  ( w h i c h  was d e v e l o p e d  t o  p r o t o t y p e  s t a t u s )  was one  i n  
w h i c h  a m e t e r i n g  l i n e  i s  p u l l e d  f r o m  a r e s e r v o i r  a t  t h e  m o r t a r  
and measurement  o f  t h e  l i n e  e x t e n d e d  by  a n  e n c o d e r  r e g i s t e r s  
t h e  r a n g e .  I n  t h i s  d e v i c e ,  even  i f  t h e  p r o j e c t i l e  r i c o c h e t s  
a f t e r  l a n d i n g  t h e  t u m b l i n g  d i s t a n c e  i s  r e g i s t e r e d .  

To  t r y  t h i s  c o n c e p t  t h e  e a r l y  t e s t  m o r t a r  was f i t t e d  w i t h  
a I s p i  n n i  n g - r e e l  t y p e  o f  s p o o l  c o n t a i  n i  ng  s e v e r a l  t h o u s a n d  
f e e t  o f  n y l o n  m o n o - f i l a m e n t  l i n e  . 0 1 0 "  i n  d i a m e t e r  t h e  f r e e  
end o f  w h i c h  was a t t a c h e d  t o  t h e  p r o j e c t i l e .  The  l i n e  was 
c a r r i e d  s a t i s f a c t o r i l y  b y  t h e  p r o j e c t i l e  w i t h  m o d e r a t e  
s h o r t e n i n g  o f  r a n g e .  

W i t h  t h i s  m e t h o d  o f  r a n g i n g ,  i t  a p p e a r e d  b e s t  t o  d e l a y  
d e t o n a t i o n  u n t i l  a f t e r  t h e  p r o j e c t i l e  had come t o  r e s t  o n  t h e  
s u r f a c e  f o r  t w o  r e a s o n s ;  f i r s t ,  t u m b l i n g  w o u l d  t e n d  t o  remove 
a n y  s l a c k  t h a t  e x i s t e d  i n  t h e  l i n e ,  and, second;  a t  s h o r t  
r a n g e s  t h e  p o s s i b l e  l i g h t n e s s  o f  i m p a c t  a t  l u n a r  G w o u l d  r e q u i r e  
r a t h e r  s e n s i t i v e  i m p a c t  t r i g g e r s ,  w h i c h  c o u l d  c o n c i e v a b l y  be 
a c t u a t e d  b y  m i n o r  a c c e l e r a t i o n s  a p p l i e d  t o  t h e  p r o j e c t i l e  i n  
f l i g h t  b y  t h e  l i n e .  

D e t o n a t i o n  b y  e i t h e r  an e l e c t r i c  or p y r o t e c h n i c  t i m e  d e l a y  
d e v i c e  i n i t i a t e d  a t  l a u n c h  t h e r e f o r e  seemed w o r t h y  o f  s t u d y .  

F u r t h e r  d e v e l o p m e n t  o f  t e c h n i q u e s  and componen ts  w e r e  
o r i e n t e d  t o w a r d  t h e  s y s t e m  i l l u s t r a t e d  i n  F i g .  6 w h i c h  embod ies  
t h e  p h i l o s o p h i e s  d i s c u s s e d  above.  

F u n c t i o n i n g  o f  t h e  s y s t e m  shown i s  a s  f o l l o w s :  

( 1 )  The  geophone, and  a l u n a r  s u r f a c e  p a c k a g e  c o n t a i n i n g  
a number o f  m o r t a r s ,  each  o f  w h i c h  i s  l o a d e d  w i t h  a 
p r o j e c t i l e  and p r o p e l l i n g  c h a r g e  i s  emp laced .  

T h i s  p a c k a g e  i s  c o n n e c t e d  b y  c a b l e  t o  a c o n t r o l  and 
d a t a  r o u t i n g  package  a b o a r d  t h e  s p a c e c r a f t .  C o n t a i n e d  
i n  e a c h  p r o j e c t i l e  i s  a p y r o t e c h n i c  t i m e  d e l a y  fuse ,  
and e x p l o s i v e  charge,  a t ime-b reak  r a d i o  t r a n s m i  t i e r ,  
b a t t e r y  pack  and p r e s s u r e  s w i t c h  ... A means o f  
i g n i t i n g  t h e  f u s e  and c l o s i n g  t h e  s w i t c h  b y  t h e  l a u n c h  
gas  p r e s s u r e  i s  p r o v i d e d .  Each m o r t a r  t u b e  i s  f i t t e d  
w i t h  a r a n g e  m e t e r i n g  l i n e  s p o o l  and a n  e n c o d e r  f o r  
r e a d i n g  t h e  l i n e  l e n g t h  e x t e n d e d .  
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C o n t a i n e d  w i t h i n  t h e  c o n t r o l  package  i s  a p rogrammer ,  
a r a n g e  s i g n a l  g e n e r a t o r ,  a ' t i m e - b r e a k '  r a d i o  
r e c e i v e r ,  t h e  geophone a m p l i f i e r ,  a r e l a t i v e - t i m e  
c l o c k  and t h e  d a t a  r e c o r d e r .  ( I f  d a t a  i s  t e l e r n e t e r e d  
d i r e c t l y  i n  r e a l  t i m e  t h e  l a t t e r  t w o  . i t e m s  c a n  be  
o m i t t e d  and r e l a t i v e  t i m e  s u p e r i m p o s e d  a t  r e c e p t i o n ) .  
Power s u p p l y  w o u l d  p r e s u m a b l y  be  p a r t  o f  t h e  s p a c e  
c r a f t  f a c i l i t i e s .  

A 10 s e c o n d  command p u l s e  s t a r t s  t h e  programmer  
and a c t i v a t e s  t h e  r e c e i v e r ,  geophone amp1 i f  i e r ,  
r a n g e  s i  g n a l  g e n e r a t o r  and c l o c k .  ( " A "  P o w e r ) .  

A f t e r  a p e r i o d  f o r  s t a b i l i z a t i o n ,  t h e  programmer  
a p p l i e s  B "  power w h i c h  l a u n c h e s  t h e  p r o j e c t i l e  
and, i f  o n - s i t e  r e c o r d i n g  i s  used, s t a r t s  t h e  
r e c o r d e r .  

11 

T h e  t i m e - b r e a k  t r a n s m i t t e r  and t h e  t i m e  d e l a y  
d e t o n a t o r  a b o a r d  t h e  p r o j e c t i l e  a r e  a c t i v a t e d  a t  
l a u n c h .  i n c r e m e n t s  o f  l e n g t h  o f  m e t e r i n g  l i n e  
p u l l e d  f r o m  t h e  r e s e r v o i r  b y  t h e  p r o j e c t i l e  i s  
i n d i c a t e d  by  m o d i f i c a t i o n  o f  a s i g n a l  a p p l i e d  t o  t h e  
r a n g e  e n c o d e r .  

S e v e r a l  s e c o n d s  a f t e r  i m p a c t  t h e  t i m e - d e l a y  d e t o n a t o r  
e x p l o d e s  t h e  c h a r g e .  C e s s a t i o n  o f  t h e  c a r r i e r  f r o m  
t h e  t i m e - b r e a k  t r a n s m i t t e r  i s  s e n s e d  b y  t h e  r e c e i v e r  
and i n d i c a t e s  t h e  i n s t a n t  o f  e x p l o s i o n .  Waves 
g e n e r a t e d  by  t h e  e x p l o s i o n  a r e  d e t e c t e d  by  t h e  geophone,  
a m p l i f i e d  and r e c o r d e d .  T i m i n g  s i g n a l s  a c c u r a t e  t o  
1 ms mus t  be  s u p e r i m p o s e d  o r  r e c o r d e d  i n  p a r a l l e l  
w i t h  t h e  o t h e r  d a t a  t o  e s t a b l i s h  t r a v e l  t i m e s .  T h i s  
may b e  an  A . C .  s i g n a l  o f  c o n s t a n t  f r e q u e n c y  (500 c p s )  
w h i c h  may a l s o  be t h e  r a n g e  s i g n a l  i f  t i m e  i s  
a p p l i e d  o n - s i t e .  

Programmer  t u r n s  o f f  a l l  power .  

Each s h o t  may b e  made on-command, o r ,  a c o n t i n u o u s  
command s i g n a l  w i l l  c a u s e  r e - c y c l i n g  u n t i l  a l l  
u n i t s  a r e  f i r e d  and t h e  d a t a  r e c o r d e d  o r  t e l e m e t e r e d .  

( N o t e  t h a t  i n  t h e  p r o t o t y p e  package  t h e  f i r s t  c y c l e  
o f  t h e  programmer  f i r e s  e x p l o s i v e  p i n - p u l l e r s  w i t h i n  
t h e  package  a l l o w i n g  t h e  c o v e r s  t o  e x t e n d  and l o c k . )  

T h e  i n i t i a l  phase  o f  work i n  d e v e l o p m e n t  o f  d e v i c e s  f o r  t h e  
s y s t e m  o f  F i g .  6 c o n s i s t e d  o f  t r i a l s  o f  v a r i o u s  m o d e l s  o f  
m o r t a r s ,  u s i n g  a l u m i n u m  dummy p r o j e c t i l e s  p r o p e l l e d  w i t h  e l e c t r i c  
s q u i b s  l o a d e d  w i t h  v a r i o u s  powder  c h a r g e s .  The p u r p o s e  o f  t h i s  
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was t o  d e v e l o p  a ' f e e l '  f o r  r a n g e  r e p e a t a b i l i t y ,  c h a r g e  r e q u i r e -  
ments ,  e t c .  I t  was soon e v i d e n t  t h a t  l a b o r a t o r y  w o r k  was 
n e c e s s a r y  t o  d e t e r m i n e  w h e t h e r  m u z z l e  v e l o c i t y  c o u l d  be  c o n t r o l l e d  
a c c u r a t e l y  enough t o  g i v e  a r e a s o n a b l e  d i s t r i b u t i o n  o f  p r o j e c t i l e  
r a n g e s .  

A t e s t  s e t - u p  was made i n  an u n d e r g r o u n d  t u n n e l  a t  t h e  
S e i s m o l o g i c a l  L a b o r a t o r y  f o r  measurement  o f  v e l o c i t i e s .  S q u i b  
c h a r g e s  w e r e  w e i g h e d  and l o a d e d  a t  t h e  l a b o r a t o r y  n o t  s o  much 
a s  t o  e s t a b l i s h  t h e  m e t h o d  i n  w h i c h  t h e  e x p l o s i v e s  s h o u l d  be 
p a c k e d  a s  t o  d e t e r m i n e  i f  good r e p e a t a b i l i t y  W L S  p o s s i b l e  i n  
s u c h  d e v i c e s .  

I t  was f o u n d  t h a t  r e s u l t s  w i t h  c o m m e r c i a l  s q u i b  i g n i t o r s  
f o l l o w e d  b y  a powder  c h a r g e  were  r a t h e r  v a r i a b l e ,  p r o b a b l y  due 
t o  t h e  f a c t  t h a t  t h e  i g n i t o r  p r o v i d e d  a s u b s t a n t i a l  p o r t i o n  o f  
t h e  p r o p e l l i n g  f o r c e .  S i n c e  i t  was f e l t  t h a t  i n  a s s e m b l y  o f  
f l i g h t  h a r d w a r e ,  l o a d i n g  w o u l d  be t h e  t a s k  o f  o r d n a n c e  e x p e r t s ,  
i t  was d e c i d e d  t o  a p p r o a c h  t h e  p r o b l e m  f r o m  a d i r e c t i o n  
i n t e n d e d  o n l y  t o  v e r i f y  t h e  v a l i d i t y  o f  d i s t r i b u t i o n  b y  m o r t a r .  
T h e r e f o r e ,  b e c a u s e  o f  t h e  h i g h  c o s t  o f  e l e c t r i c  s q u i b s  u s e d  
i n i t i a l l y ,  a n d  t h e  number o f  t e s t s  i t  was a p p a r e n t  w o u l d  be  
r e q u i r e d ,  p r o p e l l i n g  c h a r g e s  w e r e  p a c k a g e d  i n  s t a n d a r d  .45 
c a l i b e r  c a r t r i d g e  c a s e s  and d e t o n a t e d  w i t h  s t a n d a r d  p e r c u s s i o n  

e x p e r i m e n t a t i o n  e x c e l l e n t  r e p e a t a b i l i t y  o f  m u z z l e  v e l o c i t y  was 
a c h i e v e d .  F i g .  7 a, b shows a m u z z l e  v e l o c i t y  r e c o r d  a n d  a 
p l o t  o f  s e v e r a l  f o u r - s h o t  samples .  

P c a p s  s t r u c k  by  a s o l e n o i d - o p e r a t e d  f i r i n g  p i n .  W i t h  much 

A f t e r  e s t a b l i s h i n g  l o a d s  o f  r e a d i l y  a v a i l a b l e  p o w d e r s  f o r  
v a r i o u s  r a n g e s ,  a number o f  f i e l d  t e s t s  w e r e  made. I n  t h e s e ,  
g r o u p s  o f  s h o t s  i n t e n d e d  t o  h a v e  t h e  same r a n g e  w e r e  f i r e d  a n d  
t h e  s c a t t e r i n g  o b s e r v e d ;  F i g .  8 i s  t y p i c a l .  W h i l e  i t  i s  
e x p e c t e d  t h a t  o r d n a i i c e  s p e c i a l i s t s  m i g h t  b e t t e r  t h e  u n i f o r m i t y  
o f  d i s t r i b u t i o n ,  t h e s e  t e s t s  d e m o n s t r a t e d  t h a t  such  a s y s t e m  i s  
a d e q u a t e  f o r  p e r f o r m a n c e  o f  t h e  s e i s m i c  e x p e r i m e n t .  ( I t  s h o u l d  
be n o t e d  t h a t  a b s o l u t e  u n i f o r m i t y  o f  s p a c i n g  a n d  p r e c i s e l y  
s p e c i f i e d  r a n g e  i s  n o t  r e q u i r e d ;  i t  i s  r e q u i r e d  t o  h a v e  o n l y  a 
r e a s o n a b l y  w e l l  s p a c e d  a r r a y ,  and  k n o w l e d g e  o f  t h e  a c t u a l  
d i m e n s i o n s  t o  w i t h i n  a f e w  p e r c e n t . )  

. 
A number o f  r a n g e  e n c o d e r s  b a s e d  on  d e t e r m i n a t i o n  o f  t h e  

l e n g t h  o f  m e t e r i n g  l i n e  e x t e n d e d  w e r e  p r o p o s e d .  Among t h e s e  
w e r e  measuremen t  u i  t h e  cz ipc ic i ty  bet;vee:: i n s u ! a t e c !  w i r e s  i n  t h e  
c o i l e d  s t a t e  and  p a r t i a l l y  e x t e n d e d ,  f r e q u e r r c y  s e n s i t i v e  
d e v i c e s ,  f o l l o w e r  f i n g e r s  t o  d r i v e  a c o u n t e r  a s  t h e  l i n e  
s t r i p p e d  f r o m  t h e  s p o o l ,  i n t e r m i t t e n t  c o a t i n g  o f  t h e  l i n e  w i t h  
a c o n d u c t o r  t o  make c o n t a c t  a s  i t  p a s s e d  o v e r  t h e  s p o o l  l i p ,  
s p r i n g  c o n t a c t s  o p e r a t e d  by t h e  l i n e  a t  v a r i o u s  i n c r e m e n t s  o f  
l i n e  l e n g t h ,  a n d  s e v e r a l  o t h e r s .  M o s t  o f  t h e s e  w e r e  c o n s t r u c t e d  
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and tried; the one showing greatest promise and having the 
highest reliability was a variation of the latter contact 
device in which fine short-circuiting wires across resistors 
in series were snapped at increments of line length equal to 
the tolerance permissable for each range. 

The final mortar with the range encoder in place is 
illustrated in Fig. 9. Fig. 10 shows the metering line spool 
and encoder, and illustrates the looping of the range line 
through the shorting wires, and Fig. 1 1  is a typical test 
range record (in which the signal is D.C.). 

For the system shown in Fig. 6 it is required that the 
projectile carry an explosive charge weighing approximately 
1/3 lb o r  less, a time delay fuse and detonator, a radio 
transmitter with battery pack for time break indications and 
a means of switching on the transmitter and initiating the time 
delay fuse. 

Both electronic or electric, mechanical, and pyrotechnic 
time delay devices were considered. From the standpoint o f  
directness, simplicitv and reliability, considering the launch 
and impact accelerations to be experienced, there was little 
question of the choice of a pyrotechnic device provided one 
with sufficient delay could be obtained in the dimensions 
necessary. Since f l i g h t  time for a 2000 feet range at lunar 
gravity with muzzle elevation of 45O is about 27 seconds, it was 
felt that a delay time o f  35 seconds would be adequate. 

At the suggestion of Dr. E. E. Minor and Mr. Beauregard Perkins 
of the Aberdeen Proving Grounds, the pyrotechnic section o f  the 
Piccatinny Arsenal was contacted for advice. 

Mr. Samual Sage, Mr. Gary Weingarten, Mr. Stanley Resnick, 
and Mr. Seymour Lopatin of the Arsenal were particularly helpful 
in advising on the subject of fuses. 

While design and construction of a prototype by the Arsenal 
appeared to b e  too costly for the project budget, much general 
knowledge of the subject and confidence in the choice of 
pvrotechni c devi ces was gained. 

An experimental fuse, adequate f o r  test purposes was 
fabricated at this laboratory. This consisted of an aluminum 
spiral about which was wound a section of lead "spitter-fuse". 
A t h i n ,  close f i t t i n g  metal case enclosed this assembly in such 
a way that the exposed end of the "spitter-fuse" was in contact 
with a percussion cap; ignition was accomplished by striking the 
cap with a sharp object. 
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Dimensions of the fuse are 3 x 3" and burning time about 
20 seconds. This time is more than adequate for testing at 
earth G. f l i g h t  time. 

In early exploration of pyrotechnic fuse capability, 
discussions were held with the Bermite Powder Company, 
(GUY J. Bishop, Customer Relations and Technical Liason). This 
company showed a marked interest in developing such a device, 
again the cost quoted was prohibitive. Recently, however, 
Bermite has listed in its catalog a pyrotechnic device which 
appears to have been designed with our application in mind. 
The dimensions and delay are nearly identical to our original 
specifications (Bermite designation is No. B 16000, dimensions 
are .308" x 2.990", and delay is 30 seconds). If development 
is extended on this experiment this source should be noted. 

Frequency of the time break transmitter was chosen to give 
a substantial radiation from the projectile with minimal o r  no 
antenna, and yet not so h i g h  as to be seriously affected by 
line-of-sight transmission characteristics. Tests were made 
with 27 mc, 60 mw input, transceivers under conditions when 
the transmitter and receiver were almost i n  contact with a 
conducting ground plane (water table essentially at the surface 
of a dry-lake-bed) and in a situation when the transmitter and 
receiver were on the surface of granite thinly covered with 
sandy alluvium. 

I n  both cases the transmitter antenna was a 6" long rod 
extending from the case; the receiver antenna was a 3 ft rod. 
In the latter situation a low h i l l  was between transmitter and 
receiver. Keying of the carrier was easily read to distances 
in excess o f  2500 feet. 

The transmitter designed for the projectile consists of a 
crystal controlled emitter-coupled R. F. oscillator and a 
1 kHz square-wave oscillator. The R .  F. oscillator, operating 
at 27.255 mHz is amplitude modulated at 1 kHz so that it may 
be detected on a standard AM receiver, (Johnson No. 242-163). 

The design of the transmitter was dictated by three 
requirements. First; the u n i t  must be ruggedized to withstand 
the h i g h  launch acceleration and possibly an even greater 
deceieratiun upon  l c i i i d j ~ s .  

Second; the transmitter must start reliably du r i n g  o r  
shortly after the h i g h  g launch and continue to operate du r i n g  
and after impact. Since batteries are often adversely affected 
b y  high g accelerations the transmitter must also operate 
reliably over a wide voltage range. 
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F i n a l l y ,  t h e  R .  F. c i r c u i t r y  s h o u l d  b e  d e s i g n e d  t o  
r a d i a t e  as much power a s  p o s s i b l e  w i t h o u t  a n  a n t e n a .  To  
s a t i s f y  t h i s  r e q u i r e m e n t ,  t h e  t a n k  c o i l  was wound w i t h  a s  l a r g e  
a d i a m e t e r  as  w o u l d  f i t  w i t h i n  t h e  c o n s t r a i n t s  o f  t h e  m o r t a r  
package .  

A l a r g e  number o f  c i  r c u i  t c o n f  i g u r a t  i ons  w e r e  i n v e s t  i ga ted ,  
c o n s t r u c t e d  and  t e s t e d .  I t  became c l e a r  t h a t  m e e t i n g  t h e  f i r s t  
r e q u i r e m e n t ,  r e l i a b l e  s t a r t i n g ,  was a p r i m a r y  b a s i c  p r o b l e m .  
S i n c e  r u g g e d i z a t i o n  o f  t h e  package r e q u i r e s  e n c a p s u l a t i o n  o f  
t h e  components ,  no R .  F .  t u n i n g  t o  o p t i m i z e  t h e  o p e r a t i o n  c o u  d 
b e  p e r f o r m e d  a f t e r  a s s e m b l y .  T h e  components  used  f o r  t u n i n g  
( v a r i a b l e  c h o k e s  and c a p a c i t o r s )  a r e  r e l a t i v e l y  f r a g i l e  due t o  
t h e i r  m o v i n g  e l e m e n t s ,  and  a l s o  t h e i r  c h a r a c t e r i s t i c s  u s u a l l y  
a r e  a f f e c t e d  b y  t h e  e n c a p s u l a n t .  T h e r e f o r e  i t  i s  d e s i r a b l e  
t h a t  t h e  c i r c u i t  be  d e s i g n e d  t o  work  p r o p e r l y  w i t h o u t  t r i m m i n g  
e 1 emen t s . 

C r y s t a l s  f o r  o p e r a t i o n  i n  t h e  r a n g e  o f  27 mHz a r e  u s u a l l y  
c u t  f o r  f i f t h  h a r m o n i c  r e s o n a n c e .  F o r  c i r c u i t s  w h e r e  t h e  Q o f  
t h e  t a n k  c i r c u i t  i s  h i g h  and when o n e  may t r i m  t h e  c i r c u i t  
t h e r e  i s  no  d i f f i c u l t y  i n  o p e r a t i n g  a t  t h e  f i f t h  h a r m o n i c  o f  
t h e  c r y s t a l .  Our  e x p e r i e n c e  w i t h  b r e a d b o a r d  R .  F .  o s c i l l a t o r s  
however  i n d i c a t e d  t h a t  w i t h o u t  c r i t i c a l  a d j u s t m e n t  a d j u s t m e n t ,  
t h e  c i r c u i t  m i g h t  o s c i l l a t e  a t  t h e  t h i r d  h a r m o n i c  o f  t h e  c r y s t a l  
r a t h e r  t h a n  t h e  f i f t h  h a r m o n i c .  When c r y s t a l s  c u t  t o  t h e  
t h i r d  h a r m o n i c  mode w e r e  o b t a i n e d  we f o u n d  i t  much e a s i e r  t o  
c o n s t r u c t  t h e  c i r c u i t  f o r  r e l i a b l e  s t a r t i n g .  

A l l  o f  t h e  c i r c u i t  components  w e r e  s e l e c t e d  f o r  t h e  r u g g e d  
c h a r a c t e r i s t i c s .  T h e  s e m i c o n d u c t o r s  a r e  s i l i c o n ,  mesa o r  
p l a n a r  d e v i c e s  w h i c h  o u r  e x p e r i e n c e  w i t h  t h e  Ranger  p r o g r a m  has  
shown t o  b e  c a p a b l e  o f  w i t h s t a n d i n g  v e r y  h i g h  g l e v e l s .  

T h e  m o s t  f r a g i l e  component  i s  t h e  c r y s t a l .  A number o f  
c o m m e r c i a l  u n i t s  w e r e  t e s t e d  and f o u n d  t o  be  i n c a p a b l e  o f  s t a n d i n g  
t h e  s e v e r e  a c c e l e r a t i o n .  Some o f  o u r  own c r y s t a l  m o u n t i n g  
t e c h n i q u e s  w e r e  t r i e d  w i t h o u t  much s u c c e s s .  E i t h e r  t h e  c r y s t a l  
was n o t  s u p p o r t e d  s u f f i c i e n t l y  o r  i f  i t  was, t h e  moun t  s e r i o u s l y  
a f f e c t e d  t h e  o p e r a t i o n  o f  t h e  c r y s t a l .  F i n a l l y ,  a r u g g e d i z e d  
u n i t  s u p p l i e d  b y  B l i l e y  ( p a r t  No. BH6WB) was f o u n d  t o  b e  more  
t h a n  a d q u a t e .  Our t e s t i n g  o f  t h i s  u n i t  has  r e s u l t e d  i n  no 
c -  
I a i  1iii-e~. 

A s c h e m a t i c  o f  t h e  t r a n s m i t t e r  i s  shown i n  F i g .  12 a. 
Q 1  and Q2 make u p  t h e  s q u a r e  wave o s c i l l a t o r  and 43 and  Q4 t h e  
R .  F .  o s c i l l a t o r .  T u r n  o n  t i m e  o f  t h e  u n i t  i s  l e s s  t h a n  5 m s e c .  
R e l i a b l e  o p e r a t i o n  i s  o b t a i n e d  b e t w e e n  5 and 20 v o l t s .  The  power 
r e q u i r e d  a t  12 v o l t s  i s  a p p r o x i m a t e l y  700 mw. 
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T h e  c o n s t r u c t i o n  o f  t h e  u n i t  i s  a co rdwood  p a c k a g e  w i t h  
a l l  t h e  c i r c u i t  e l e m e n t s  w i t h i n  t h e  t a n k  c o i l ,  ( F i g .  12 b ) .  
T h e  p y r o t e c h n i c  t i m e - d e l a y  f u s e  p a s s e s  t h r o u g h  t h e  c e n t e r  o f  
t h e  t r a n s m i t t e r  package .  The b a t t e r y  pack  i s  l o c a t e d  o n  t h e  
t o p  o f  t h e  co rdwood  package  s o  t h a t  t h e  c i r c u i t ,  b a t t e r i e s  and 
t a n k  c o i l  may be  e n c a p s u l a t e d  i n t o  one  u n i t .  

One o f  t h e  power l e a d s  f r o m  t h e  b a t t e r i e s  t o  t h e  t r a n s m i t t e r  
i s  w rapped  a r o u n d  t h e  e x p l o s i v e  c h a r g e  t o  a s s u r e  t u r n - o f f  
u p o n  d e t o n a t i o n  i n  t h e  e v e n t  t h a t  t h e  u n i t  i s  b l o w n  c l e a r  i n  
one p i e c e .  

S a t i s f a c t o r y  r e c e p t i o n  r a n g e  w i t h  no t r a n s m i t t i n g  a n t e n n a  
was a b o u t  1800 f t .  

I t  i s  f e l t  t h a t  a s t a t e - o f - t h e - a r t  r e c e i v e r  e q u i p p e d  w i t h  
a b e a t - f r e q u e n c y - o s c i l l a t o r  f o r  c o n t i n u o u s - w a v e  c a r r i e r  r e c e p t i o n  
w o u l d  g i v e  h i g h l y  s a t i s f a c t o r y  r e s u l t s .  

I n i t i a t i o n  o f  t h e  t r a n s m i t t e r  and  t h e  p y r o t e c h n i c  f u s e  i s  
a c c o m p l i s h e d  b y  d r i v i n g  a f i r i n g  p i n  w i t h  t h e  l a u n c h  gas 
p r e s s u r e  c a u s i n g  t h e  p i n  t o  f o r c e  a s w i t c h  r i n g  f o r w a r d  l o c k i n g  
i t  i n t o  a c o n t a c t  r e c e s s ,  and a t  t h e  same t i m e  p i e r c i n g  t h e  
f u s e  i g n i t o r  cap .  The  f i r i n g  p i n  and s w i t c h  r i n g  a r e  n o r m a l l y  
r e t a i n e d  b y  a s h e a r  d iaph ragm.  F i g .  13 shows t h e  p r o j e c t i l e  
i n  s e c t i o n ,  and  F i g .  14 p i c t u r e s  a p r o j e c t i l e .  

I n i t i a l l y  i t  was i n t e n d e d  t o  d e s i g n  a s o l i d  s t a t e  p rogrammer  
i n  w h i c h ,  a f t e r  command, c y c l e s  o f  t h e  t i m i n g  ' c l o c k '  f r e q u e n c y  
w o u l d  be  c o u n t e d  t o  i n i t i a t e  t h e  v a r i o u s  f u n c t i o n s  o u t l i n z d  
e a r l i e r  a t  p r o p e r  i n t e r v a l s .  However, i t  a p p e a r e d  t h a t  s u c h  a 
d e v i c e  w o u l d  b e  f a r  more  c o m p l i c a t e d  t h a n  j u s t i f i e d  t h e  ends  
when compared t o  a m o t o r - c a m - r e l a y  t y p e  o f  d e v i c e .  A l s o ,  
i s o l a t i o n  o f  c i r c u i t r y  w i t h  t h e  s w i t c h e s  and r e l a y  c o u l d  be  a 
s a f e t y  f a c t o r .  T h e  programmer i s  shown i n  F i g .  15. 

F i v e  m o r t a r s  and p r o j e c t i l e s  w e r e  a s s e m b l e d  i n t o  t h e  p a c k a g e  
shown i n  F i g .  16 a, b. 

T h e  c o v e r s  when r e l e a s e d  e x t e n d  b y  s p r i n g  power t o  become 
p a r t  o f  t h e  s u p p o r t i n g  p l a t f o r m .  S p i k e s  o n  t h e  c o v e r  edges  
p e r f o r m  b o t h  t h e  f u n c t i o n s  o f  d a m p i n g  o f  t h e  o p e n i n g  i m p u l s e  

I f  t h e  s u r f a c e  m a t e r i a l  i s  v e r y  s o f t ,  t h e  Gover  web p r o v i d e s  a 
snow-shoe s u p p o r t  s u r f a c e .  T h i s  u n i t  was t e s t  f i r e d  i n  
c o n j u n c t i o n  w i t h  t h e  programmer .  O b s e r v a t i o n s  o f  r a n g e  e n c o d e r s  
and  t i m e  b r e a k  t r a n s m i t t e r  s i g n a l  w e r e  made u s i n g  one  o f  t h e  
L a b o r a t o r y ' s  m u l t i - t r a c e  s e i s m i c  r e c o r d i n g  cameras; F i g .  17 
shows a t e s t  i n  p r o g r e s s .  R e s u l t s  o f  t e s t s  o f  t h e  d e v e l o p m e n t  
p r o t o t y p e  d e s c r i b e d  a b o v e  were  as f o l  l o w s :  

r - - -  1 1  UIII S C I  + - :  inlliy I, : _ _  o f  t h e  s u r f a c e  and 'hnh-nailing" t o  p r e v e n t  s k i d d i n g .  
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( 1 )  The  p a c k a g e  was t e s t e d  a t  l u n a r  G f o r  o p e r a t i o n  o f  
t h e  d o o r  o p e n i n g  f u n c t i o n ;  t h i s  was s a t i s f a c t o r y .  
See F i g .  18. 

( 2 )  The  m o r t a r s  a b o a r d  t h e  package  w e r e  f i r e d  t o  r a n g e s  
e q u i v a l e n t  t o  f r o m  1000 t o  3 4 0 0  f e e t  a t  l u n a r  g r a v i t y .  
On f i r m  l a k e  bed m a t e r i a l ,  embedd ing  o f  t h e  s p i k e s  
r e s t r i c t e d  m o t i o n  o f  t h e  p a c k a g e  t o  5/8" l o n g i t u d i n a l l y .  
On l o o s e  d u s t  b a s e  ( P o r t l a n d  c e m e n t )  t h e  p a c k a g e  
was s h i f t e d  13" t o  t h e  r e a r  b u t  w i t h o u t  d i r e c t i o n a l  
change.  

( 3 )  T r a n s m i t t e r  s w i t c h e s  o n  a l l  p r o j e c t i l e s  f u n c t i o n e d  

( 4 )  The programmer  f u n c t i o n e d  p r o p e r l y .  

and a l l  f u s e s  i g n i t e d .  

T h e  d e v e l o p m e n t  mode l  t r a n s m i t t e r  was f i r e d  s e v e r a l  t i m e s  
t o  m u z z l e  v e l o c i t i e s  o f  1 5 0  f p s  o r  more  w i t h o u t  f a i l u r e .  T h e s e  
l a u n c h e s  w e r e  made f r o m  a s e p a r a t e  t e s t  m o r t a r ;  no t r a n s m i t t e r s  
w e r e  i n c l u d e d  i n  t h e  package  s h o t s .  

I t  s h o u l d  b e  n o t e d  t h a t  p r e l i m i n a r y  t o  t e s t i n g  o f  t h e  
c o m p l e t e  p a c k a g e  many i n d i v i d u a l  t e s t s  o f  m o r t a r s ,  e n c o d e r s ,  
f u s e s  e t c . ,  w e r e  made. No e x p l o s i v e s  w e r e  c a r r i e d  i n  any  o f  t h e  
p r o j e c t i l e s .  I t  was n o t  c o n s i d e r e d  n e c e s s a r y  t o  v e r i f y  t h e  
b e h a v i o r  o f  s e i s m i c  a m p l i f i e r s ,  geophone o r  t h e  r e f r a c t i o n  
d e t e r m i n a t i o n  t e c h n i q u e  w i t h  t h e  mode l  s i n c e  t h e s e  a r e  a l r e a d y  
w e l l  d e f i n e d  b y  common usage.  E f f o r t  was c o n c e n t r a t e d  o n  t h e  
l e s s  c o n v e n t i o n a l  components  and t e c h n i q u e s .  

F o l l o w i n g  a r e  n o t e s  on t h e  2 e h a v i o r  o f  some i t e m s  s t u d i e d  
i n  t i l e  s y s t e m  d e v e l o p m e n t ,  p a r a l l e l i n g  e x p e r i m e n t s ,  a l t e r n a t e  
d e v i c e s  and  s u g g e s t i o n s  o f  s u b j e c t s  f o r  f u r t h e r  s t u d y .  
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Proiecti le and Line Behavior 

No attempt was made to control the attitude of the pro- 
jectile and it was observed to tumble somewhat in flight. 
Being in the presence of atmosphere this may have been 
aerodynamic,or due to unsymmetrical forces at launch, o r  from 
the metering line; in any case it was regarded as unimportant. 

in most tests a nylon line of .010" diameter was used. 
This material weighs only 2 grams per 100 ft. and is very 
strong. Friction at the reservoir with line removal of 100 fps 
was measured at 4 grams. Projectiles are decelerated by line 
friction and forces due to acceleration of the line mass. I f  
the total of the forces are taken to be constant over the entire 
flight time, in vacuum and at lunar gravity, the range of a 
projectile weighing 500 grams launched with a velocity of 100 
fps will be shortened from approximately 1900 ft. to about 
1600 ft. With allowance for air resistance, these figures 
compare well with those observed in field tests in which range 
was shortened from about 1000 ft. to 750 ft. 

In atmosphere and with the only friction loading being that 
due to removal from the spool, the metering line floated and 
closely followed the trajectory o f  the projectile. Slack line 
measured to be almost the difference between the straight line 
and the trajectory length. Addition of slight friction at the 
spool by encoder contacts o r  break-wires reduced the slack to 
neg 1 i g i b le amounts. 

Range shortening was small in tests of an encoder in which 
a loop of line was pulled from between contact leaves; i t  was 
somewhat greater in one using break-wires. Fig. 1 1  was recorded 
using the latter encoder but with break-wires somewhat heavier 
than necessary. Note that near the end o f  the f l i g h t  the 
velocity of line removal from the spool is also reducing due to 
change in direction of the projectile, particularly with hi g h  
trajectories. The effect of friction and mass acceleration can 
be offset by increases in propelling charge. Since propelling 
charge required is small, this is not difficult. 

In vacuum and at lunar gravity, the light line will follow 
approximately a straight line from the reservoir to the 
projectile, the straightness depending on mass of the line to 
be accelerated by changing d i i - e c t i e i i  of t h e  p r z j e c t i l e  a!nng 
the trajectory, on tension in the line and sag under gravity. 
A tolerance of range measurement of 24 per cent has been 
accepted as being adequately precise. Each encoder is arranged 
to sample as many as 20 increments of line length each equal to 
23 per cent of the planned range, after an initial fixed mini- 
mum is extended. 
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Tests made with fine parallel copper wire 'cable' (Spectra- 
.rip 2-42) were successful. Range was shorter than with nylon 
ne due to increased mass to be accelerated and additional 

friction at the spool. Use o f  a conducting cable opens an 
avenue i o  wire transmission o f  data, time break, detonating 
signal, etc. No failures resulted in tests of the wire line. 

Shrouding of the metering line spool reduces whipping of 
the line, protects the encoder and provides a means of sealing 
the mortar unit if desired. 

Geophone distribution I 
An experimental self-orienting geophone (Fig. 19) capable 

of withstanding distribution by mortar was constructed and fired 
with a muzzle velocity of 150 fps. A 2 wire cable as above was 
connected to the unit; continuity was maintained and the geo- 
phone suffered only minor damage, (cracking of ceramic insulators). 
This device was of proportions in which its length was large 
compared to its diameter so that in almost any situation it 
would lie so that its response axis would be near vertical, the 
active element is trunioned about the axis on elastic mounted 
bearings; in the test it oriented properly. 

Alternate mortar bases 

Several alternate mortar bases were tested. Among these 
were two in which the mortar was freely mounted in an encasing 
tube allowing the mortar to drop until the breech rested directly 
on the ground, thus applying recoil to the ground instead of to 
the base. One of these units was an inflatable device shown in 
Fig. 20. Properly folded, it will orient ri g h t  side up regard- 
less of emplacement attitude (see Fig. 21). In test, all five 
tubes were charged alike and 1 lb. projectiles were thrown into 
a 40 ft. group at 500 ft. range. The second u n i t  embodied 
mechanical casing and support members similar in principle to 
that shown in Fig. 16, except that the mortars were aligned 
normal to the launch axis and on opening the case cover became 
the elevation support. 

Items for further study 

( 1 )  Completely sealed containers for all components f o r  use in 
e v e n t  t h a t  l n n n  , u , , u  t n r m  L u  , , , ,  s t n r a g e  nn t h e  lunar surface is required 
before o r  after deployment. This must 'include a study of 
materials survival to lunar environment. 

(2) Alternate detonation systems, including remote triggering ~ 

( 3 )  Acceleration and time-delay arming of the projectile to 
i by wire line, etc. 

eliminate hazard of explosion in the vicinity o f  the base 
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stat i on. 

Containment of gases from the launch explosion and 
projectile explosion, and anti-recoi 1 methods for appli- 
cation to the mortar. 

Gas front propagation and its behavior relative t o  acceler- 
ation of surface debris as well as its reception by the 
geophone. 

Study of best mortar and charge techniques. 

Methods of projectile shrapnel suppression. 

Study the coupling o f  energy into the ground from very 
small explosions to ascertain if the relationship of 
energy versus charge remains linear as the charge is 
reduced to very small amounts of explosive. 

It is possible that the gas front propagation may be o f  a 
velocity such that it will arrive at the geophone simultane- 
ously with the desired seismic signals. If of sufficient energy, 
it could seriously interfere with the data signal. 

Even on launch to maximum range the pressure within the 
mortar tube does not exceed a value easily contained in t h i n  
walled vessels. It  appears to be a relatively simple matter to 
eliminate muzzle blast by placing a perforated closure disc 
behind the projectile; on launch, the disc is retained at the 
muzzle, containing the gas, which leaks slowly. Some experi- 
mentation was done on this with very promising results, 
including some reduction in recoil. 

It was found in our experiments that within reasonable 
dimensions, mortar length had little effect on projectile 
velocity. Barrel lengths from a fraction of the projectile 
length to 1s times its dimension were tried. Loading was such 
as to give a velocity of approximately 100 fps; velocity dropped 
slightly with the longer barrel and substantially with a very 
short length. We chose a barrel slightly in excess of the 
projectile length for convenience in packaging. 

Accompanying this report is a reel of 16 mm mortar pictures 
i r i c i u d i i i g  5 0 t h  iizlrmal and high speed (200 f r / s e c !  n h n t o s  of 
several mortar firings, showing behavior of "bases, line 
extension, etc. Note that the h i g h  speed camera has a lens 
coverage angle near 180~;  this gives the projectiles in f l i g h t  
the appearance of curving a s  they approach the edge of the 
field. 

. .  : 
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It is felt that the goal o f  this grant has been achieved 

in that distribution by mortar has been demonstrated to be a 
valid method. A number of devices have been constructed to 
serve as a starting place in the design of f l i g h t  hardware when 
the particular requirements f o r  a designated flight are known 
and specified. 

F. E. Lehner 
W. F. Miller 
W .  Krynicki 

12/3 1/64 
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